Introduction 38
The formation of blooms of filamentous and/or thin foliose macroalgae are frequently a 39 consequence of coastal eutrophication (Fletcher, 1996; Valiela et al., 1997; Morand and 40 al., 2011) . These floating mats of algae alter coastal light, nutrient, and water flow conditions, 48 causing decreases in perennial algae, seagrasses, and benthic invertebrates (Valiela et al., 1997; 49 Hauxwell et al., 1998 49 Hauxwell et al., , 2001 ; Thomsen and McGlathery, 2006; Worm and Lotze, 2006) . Nightly 50 respiration and decomposition of bloom macroalgae contribute to hypoxic events (Valiela et al., 51 1997; Raffaelli et al., 1998 ) that can result in substantial mortality of invertebrates and fishes 52 (Deacutis et al., 2006; Berezina et al., 2007) . In addition, several species produce toxins that 53 negatively impact co-occurring organisms (Nelson et al., 2003a; Eklund et al., 2005; Van 54 Alstyne et al., 2006) . Moreover, blooms interfere with coastal commercial and recreational 55 activities (Lee and Olsen, 1985; Thomsen and McGlathery, 2006; Deacutis, 2008; Leliaert et al., 56 2009) . 57
Bloom-forming macroalgal species can be found within the phyla Chlorophyta, 58
Heterokontophyta, and Rhodophyta, but most macroalgal blooms, including the largest ever 59 recorded, are caused by Chlorophyta species, such as those within the genus Ulva Linnaeus 60 (Fletcher, 1996; Valiela et al., 1997; Morand and Merceron, 2005) . For example, the 2008 bloom 61
of Ulva prolifera offshore of Qingdao, China contained an estimated 20 million wet tons of algae 62 spanning approximately 13,000 km 2 in the Yellow Sea. This bloom required the removal of more 63 8 Curtis similarities. Non-parametric analyses were conducted using Primer-E (version 6, Primer-E 155
Ltd., Plymouth UK). 156 157
Results 158

Ulva species richness and relative abundance 159
Ulva lactuca was the dominant blade forming Ulva species at non-bloom sites, while U. 160 compressa and U. rigida dominated at bloom sites. Overall, Ulva species biomass varied 161 significantly amongst sites and months (Table 1) (Table 1b) . Additionally, while we observed no impact of transect placement during our 2009-172 2010 surveys, transect did have a significant impact on biomass at our bloom sites during 2010-173 2011 (Table 1) . 174
At both bloom-impacted sites, biomass consistently peaked during June-July with 175 subsequent crashes in August (Figure 3 (Figure  194 4, Table 2 ). Species diversity (Shannon H') was highest at non-bloom Pier 5 and lowest at 195 bloom-impacted Brushneck Cove (Table 3 ; one-way ANOVA F 3, 456 = 91.40, p < 0.0001, Tukey 196 post-hoc p < 0.05). However, no clear correlation between bloom-impacted and non-impacted 197 sites was evident, as diversity was higher at bloom-impacted Chepiwanoxet than at GSO. In 198 addition, evenness (Pielou's J') was highest at Chepiwanoxet. Of the 34 taxa recorded, 22 were 199 found at only one or both of the lower-bay sites (Table 2) . No individual taxa were unique to the 200 two bloom-impacted sites; however, Chepiwanoxet was the only site that contained mats of 201 intertwined Agardhiella subulata, Ceramium virgatum, Gracilaria spp., and Polysiphonia spp. 202 (hereafter ACGP mats). While these mats could reach greater than 50% cover, the thalli within 203 them were often small fragments, making separation of the component species impracticable. 204 Therefore, we considered these mats as a unique entity for this study. 205
Taxon assemblages were significantly different amongst all sites and sampling months 206 (ANOSIM, p = 0.001; Table 4 ). In concurrence with the Shannon diversity index, the largest 207 difference in algal composition was observed between bloom-impacted Brushneck Cove and 208 non-bloom Pier 5 (Table 4a ), while the smallest difference was between bloom-impacted 209
Chepiwanoxet and non-bloom GSO. However, the high R-value and significance (p = 0.001) of 210 all pairwise tests between sites indicates strong separation of algal communities among all sites 211 (Table 4a ). Differences in algal composition between the bloom and non-bloom impacted sites 212 were largely due to the greater percent cover of Ulva blades at the bloom impacted sites and the 213 presence of Chondrus crispus at the non-bloom sites ( Figure 4 , Table 5 ). In addition, while Ulva 214 tubes were found at all four sites, their occurrence and percent cover varied temporally (Figure 4 , 215 Table 5) . 216
Amongst months, the largest differences in flora were between February and August; the 217 smallest differences were between July and August (Table 4b) Cladophora spp., and Scytosiphon lomentaria ( Table 2) . 230 231
Discussion 232
Ulva in Narragansett Bay 233
Species distribution 234
Our results demonstrate that U. compressa and U. rigida are responsible for the blooms 235 of Ulva blades in the northern portions of Narragansett Bay, RI. Neither of these bloom-forming 236 species was found at Pier 5, our field site closest to the open coast. In contrast, U. lactuca was 237 regularly observed at the two non-bloom sites near the mouth of Narragansett Bay and rarely 238 found at the bloom-impacted sites. 239
In a molecular assessment of Ulva species within the Great Bay Estuarine System of New 240
Hampshire and Maine, USA, Hofmann et al. (2010) found a similar distributional pattern for 241 these three species, with U. compressa and U. rigida typically occurring together at inner 242 estuarine sites and U. lactuca, along with U. pertusa, occurring at higher salinity sites closer to 243 the open coast. Their results, in conjunction with our own, suggest that U. compressa and U. 244 rigida are more physiologically and/or ecologically similar to each other than either is to U.12 lactuca. Based on the distributional pattern of these species in Narragansett Bay and the Great 246
Bay Estuarine System, we hypothesize that U. lactuca is rarely found in northern Narragansett 247
Bay bloom-impacted sites due to a lower tolerance of high water temperatures, salinity 248 fluctuations, and/or hypoxia or other factors. Likewise, if U. compressa and U. rigida are 249 adapted to the abiotic conditions found in shallow, low-flow eutrophic estuaries, they might be 250 absent from open coastal areas due to nutrient limitations or intolerance to higher salinities or 251 wave exposure. 252
One alternate explanation exists for the distributional pattern of U. compressa. Tan et al. 253 (1999) observed that distromatic blades of U. compressa were concentrated in low salinity areas 254 of an estuary in Aberdeenshire, Scotland, while U. compressa with a tubular morphology was 255 found at higher salinity sites near the North Sea. Taking this into consideration, it is possible that 256 U. compressa in Narragansett Bay persists in lower salinity eutrophic areas as a distromatic 257 blade and is present at lower bay and outer coast sites as a monostromatic tube. Although we did 258 not identify tubular Ulva to species in this survey, prior molecular analysis of outer coast 259 samples supports this hypothesis (Guidone et al., unpublished data) . 260
In addition to abiotic factors, Ulva species distribution may be restricted by differences in 261 Ulva palatability and/or herbivore communities amongst the study sites. Nelson et al. (2008) 262 found that Ulva and Ulvaria (both in the family Ulvaceae) differed in abiotic tolerances and 263 palatability, causing the more palatable but stress tolerant Ulva to dominate intertidally while the 264 unpalatable Ulvaria thrived in the herbivore populated subtidal. Similarly, blooms in the Baltic 265 Sea were dominated by the unpalatable Pilayella littoralis when herbivores were abundant and 266 the palatable Ulva intestinalis when herbivores were absent or nutrient levels were enriched 267 (Lotze et al., 2000; Lotze and Worm, 2000) . Although not directly quantified in this study, based 268 13 on previous studies and our own field observations, herbivore communities between our bloom 269 and non-bloom sites can be substantially different (Guidone et al., unpublished data) . 270 Narragansett Bay and open ocean sites. Pier 5 also has an abundance of hard substrata available 287 for algal attachment, unlike the other three field sites. 288
Contrary to our expectations, we did not find a strict pattern of high diversity (H') at non-289 bloom sites vs. low diversity at bloom-impacted sites, as Chepiwanoxet had the second highest 290 diversity of the four sites. This is particularly perplexing in light of environmental measurements 291 14 (dissolved oxygen, water residence time; Granger et al., 2000) that indicate Chepiwanoxet is the 292 most eutrophic of the four sites. Since the algae sampled at all sites was largely drift, it is unclear 293 whether the diversity observed at Chepiwanoxet is representative of the site itself, or if 294 circulation patterns deposit a wide diversity of species from adjacent areas. However, all areas 295 within close proximity to Chepiwanoxet are also bloom-impacted, suggesting that the diversity 296 observed at this site is truly representative of the bloom-impacted community. Furthermore, 297
Chepiwanoxet had the highest evenness of the four sites sampled from 2009-2010, which differs 298 from general patterns that indicate eutrophication has a larger negative impact on evenness than 299 species richness (Hillebrand et al., 2007) . Similar results were found in subestuaries of Waquoit 300
Bay, Massachusetts, USA, where macroalgal bloom biomass (Cladophora vagabunda and 301
Gracilaria tikvahiae) was linked to nutrient enrichment, while species richness was not (Fox et 302 al., 2008) . 303 304
Narragansett Bay blooms compared to Ulva blooms around the world 305
To our knowledge, this is the first report of Ulva bloom biomass that has extensively 306 examined the relative contribution of cryptically co-occurring distromatic blade species 307 following molecular confirmation of the Ulva species present within an area (Guidone et al., 308 unpublished data). We are unaware of any previous estimates of U. compressa bloom biomass, New Zealand (Park, 1992) , and South Africa (Anderson et al., 1996) . The density of15 Narragansett Bay blooms fall within the range of densities reported for most blooms of U. rigida 315 and U. lactuca (150-3,000 g/m 2 wet mass). One notable exception to this range is the bloom of 316 U. rigida in the Venice Lagoon, Italy, reported to have a biomass range of 5-20 kg/m 2 wet mass 317 (Schramm, 1999) . 318
Given the difficulty in identifying Ulva species using morphology alone, and based on 319 our observation that U. rigida and U. compressa often bloom simultaneously, it is likely that 320 some prior reports of Ulva blooms have either misidentified the Ulva species involved or 321 underestimated the number of species present within the bloom. Gao, S., Chen, X., Yi, Q., Wang, G., Pan, G., Lin, A., Peng, G., 2010. A strategy for 383 
